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RHALYELS UF UESIGE
PLOOD PROTECTION  LOVELL, ¥A5S.
1o IFTHOTUOTION
Ae AUTHCORIZATIOV.= The project for flood protession ad
Lowell, lmsue, &s desorided herein, is proposed sas sn slemsnt of
the gomprehensive plan for flood control reasrvoire sod related
flond centrol worke for the Merrimsck Biver Desin suthoriged by the
Flaod Contrel Aets spproved Juns 22, 1036, (Publfe Yo 738, 7uth
congregs) and Juna 28, 1730, (Pullic Yo, 761, 75th Congress)s
Be DEGCRIPTION OF PROJECTew lood protection will Y& proe

vided at the peotions indlonted on Flate Jels Sriefly, the work

will conglet of the soustruotion of tew {2) composite conorete and
stesl sheet plling Plood walls; luprovemmt o two (2) existing spoil
ontenkments) construation of two (2) pumping stations; snd sinor ape
purtesant structures, The [lood walls will Ye designed te set as
cantilever dlaphragmss Improvement to the dikes will cansist chiefly
of plasing sn impervious blanket on the river side of the existing
spoil enbariments sud protesting the blaniet with 8 ®p oovers The
Yost Street pumping etatiom will consist of & reinforoed cnerste sube
struoture and a onewstory superstrusture, of & strustural stecl and
wrick, with glass blook panels serving es windowse This station will
sontein three (3) L@winch werticel propellovstype pumps opersiing from
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A WOt sunp, Lhe vusps being driven tirourh rigitesngls genr wits
Wy gasoline engines; end & loeinah clootrie driven wartieal volutew
tyoe Lottommcurtion and herismmtalediseherge pap pleesd in e dry
sunp with tho wot mexy servin &s a suckion clemters The hesbting
squipment will be located in an imtoracdiiste clexier aver the wes
supe The inteln shember will comtain yeoks, & rete for Moeping the
wok well dey when no puepling is roquired, sad & gete for olesing off
the oundult fron beciflow during hich Fiver stagus when paping is
prosssuteds The engine yoom will contmin ¢ Jel/owton crene fey
hemdling squipommte The fowwer Bureet Pumping stetion wilil lidmwise
heve s reinforosd sonarete substrusture, swectory strustupel steel
ond brick superetrusture, wit: glass blook panels serving es windows.
There will 15 two (2) Rleeinoh verticel velute-dype bottmeustion and
horisontalsdéliscinrge punps sot in o 4y well snd driven Shreugh Pighte
angle reer usits b gesoline cugines on the engine rows floor. 7Ths
inbcke chombur will suree as & sustion ehamber for the pumps ssd will
eoutaln tresh recke ad & beokllow sluies gate &b the mouth of the
eomduit, Tie sngine room wiil eontain s lwkon erens.

Cs L0CAL COOPERATION w The Cit: of Lowsll will, witheut sost %o
i Govercvents (1) furnish all lands, ssewmnts, and Fightesafvmsy
mecsssary for prossovtion of the werk, imsluling the imparvicus bervew
aren; (2) construet fubercepter stwers S0 Ui pping swatimes (5) re-
meve all buildisgs within the work Iimites (L) weinkain and operste the
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Ile FOUBDATION AND BATIUIALS THVESTIOATIGN

Ao FIELD BIPLORATION 0¥ POUTDATIONS AND “3ISTING Dilew

(n) Extentes Foundation explorstion at the dike site ineluded
drilling in overburden and rook, and oxesvation and sampling of teat
pitss The looaticn snd extent of tim explopation at the two sections
are shom on sheots 3, L end 33 of the oontyect drawings,

() Drill Holege= licles were drilled in the ovarburden
ueing & 3einsh oaging and & 2einoh oxepling tube and in rook weling
& 1+11/A0eineh diszond or borts bits Soil samples were taken at
Sef'vot intervals or at ohanges in materiales Iaoh soll sanple was
obtained b Sirst washing out mmiterisl %o the otton of the sasing,
then driving the etpling spoon into undiaturbed materisl bolow the
botton of the onsinge A total of six (6) holes were drilled at the
Lukeview Seotion and four (L) holes at the Sosemont Section, with a
total footege of 295 Fest in overburden snd 1043 feet in rocks,

(e} Zest Pitaer Test pits wers exonvated snd sempled at
the two gestionse Yherewer possitle, the Sest pits were extanded by
sugering after they had boon excaveted 0 an approxlombe dopth of
six (6) feots Pag and constant volure samples wore talben, the former
&% intervale of two {2) feet or st changes in materials. A totml of
four (L) pits st the lakeview Zeotion and five (5) pits at the Rowes
mont Seotion were oxoaveted and sanpled with 8 total footmge of 7542
feat,
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- By IAPLOZAYION POR BORRUM MATTSIM.S.e (8) Dxtentes
Ixplamtion Lo locate sourees of suitable borrow materials for the
coratructios of an fmpervious tlaniet and for backlill in drminage
wrerohes included teat pit emesvailicos snd sempling end suger boring
sonducted ns deseriled in parsgreph II-A{e)s Prior to te ssleotion
of the {iml orrow areas, sll poszitle sowrceg »f smterials in the
vielnlty were exploredes The logations of the sxplorations ere showm
on Flate llele

{ foup Paterisl.~ Bxplerations o losste & sulte
able source of impervious materisl consisted of resonnsisssnce within
A 10wmile redius, one (1) suger boring spd the exesvation sd
saupling of sleven (11) test pits, The selected lmpervicoos borrow
ares shown on Plate Ilel containe an extensive supply of suitable
tmpervious naterial,

(o) Paokeltun Sand and Crevel Baskfill.e Uxplorstions to
dobernine o suitebhle soures of btamlierun sand and gruvel for backfill
oomsisted in cmsmining ond sempling the facos of two sand and gravel
pite nomr the dike site. The losstions of theso two pits sre showm
o Flate Ilels A dofinits horrow sres will not be selectsd, ss ey
sowoe wvhich ylelds smterial falling ‘am,m the linits stated in the
speoifiostions will Y& suitable,

(4) Sereened Gravel Packfilles Explorstion was eonduotod
" to locnte sourves of soresned gand and grwvel for beckfille A
soreening plant is lopated in each of the pite deseribed in paragrvph
II-B{e) and shown an Plate Ilel,
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Cs LINUDS ANG PRLURT OF LATCRASORY TEETS D INVESTIGATIVES -
(a) Cleseifiontiones A11 goll encles from tost pite, super dorings
end drill holes were slnasified using the HelaTy senle of olassif'iote
tion and recorded im the report of each holes The grain size dlge
tributions of 8 suffistent nuster of seuples were dotermined Yy
sisve and Wdrcewmter methods to serve s & pulde in the elassifiostion
of #1l samplos. Osoloplionl deseri-tione of the overburden at essh &rill
hole were prepared after stadying tw lsbormtory logs, field logs, snd
soll sampless The bedrook at one drill hole, T10, =ae clasified by
& peoloriat after emaning the rock cores smd fleld loge,

(b) rater Comtemtes Tater contemt deterninatims were mde
on six (&) seeples from the impervious borrow ares, the results of
which are tabulated in Table Ilud,

(o) Oravityes Tour (L) spesifie gravity doteminse
tiong wers made on samples fron tost plie, exeswated in e 4l
Poundation, iupervious barrow sres, and Sest pit TiGp, Yw regults of
which dsteminations ape tadulsted in Teble Ilei,

(8) Densigyee (1) The natrel desslty of materisl from
tost pit T20p, exsuwated into the foundation of the Denver Jtreet
pmaping station, Rosemnt Seotion, was determined 1y testing three (3)
mm volume sampless The resulits of these tosts are tabulated in
Table ITele

(2) The Gmsity to whish the impervicus borrow materisl
1y compsoted in the entenivnent hes not boen detere
mined by flald tests using full size constrootion equipment. Durlsg
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the initial stages of plasing ths lzmvervicus material, its molsture
aoptent will be adiusted until the sreatest density uming the spesis
flod oquipwrt 1m obtatned, It 1z belioved thet the binder aterial
{materiel of rrain stees lose than 1/, ineh) cen be esonomieelily
compaoted to 8 unit dry welsht of 126 pounds per euble foots (See
parsgraph I1-Cizgle) »

(8) Fermoabilityes (1) Termea’ility tests were msde on
wentyetwo (52) remolded spesimene of foundation materiale, the
resulta of whieh are tabulated in Table IleD, A11 tests were core
reoted 1o o tempersture of 10 degrees Cantiprades 7The tests on all
ssaples were oede with the uw&zfinu comphated to densitiss sssumed
squivalent to those for the mmterisls alter construntion or for oee
terials existing in the undisturbed foundations

(5)' Sowolded speinens of lmporvious mmtorisl taken
fram tost plts excewnbted In thw borrow apres were tested by three
difrerent nethodss (a) One test wss performed in a comselidation
dovices The mterisl wes sompaoted, in & molst state, Yo s density
of approximately 130 pownds per subic foote The specismn war sttursted
and tested ly foroing weber fyowm the bottem upwerd through the specimen
uder pressures (b) Thirtesn (13) tests were performed on lightly
eompeobed spooinens contalsed in Reinch dismeber plastio tubess Eneh
specimen whs pleced either moiat or dry, sstursted under waowunm, snd
thet tested uelng s dowpamydefliow, (allingehend of desaired watery
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(o) Two (2) tosts wers performed on relatively dense speoinens oone
tained in Seineh dismeter plastic tubese Tmeh apeoimen was placed
dry, saturated by ospillery upwrd {low of mw wabor, and then
tested using a dommmpdeliow, fallingehend af deesired waters e
resulte of thase thres sets of tosts are wabulsted in Talde IleH,
Yor purposes of design, & renge for the walue of the cosffielent of
perowability of 1 x lﬂ.g o lx 1;? ms beun seleoted as belng the
bost possitle to obtain Yased upon ¢ somslderation of mll influensing
faotors.

(3) Remolded syecimens of soven (7) seleoted ssaplos
fros test pits and drill holes in the existing spoll dike, enrth and
ash Pill were testeds Talle I1e7 ia & tadulation of these test
resul s,

(£) Shearing Strengihee (1) The shearing strengthe of rep
ressotative ssuples of fmpervicus material and ash fill materisl were
deternined by testing in the trisrial compression device, 411 tests
were performed using the genersl procedurs deserilbed in the publicee
tions "Yotes on Soil Testing for 'mgineering Purposes,” Yy As Cassgrends
and Re Zo Pedum, Ovedunte Tohool of Inginssring, 'arward University,
Jamary 17,06

() The results of five (5) shearing strength tests
perforzed on o romesentative sexple of impervious meterial are showm
an Flate Tiely 4 trploal stressedulormation curve ls plotted on
Piate iled, together with pertinest dute for e single tests

(3) ™e results of tiwee (J) elwaring etrength tests
perforaed on & represemtative sample of leoose ash £111 are shown on
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Plate IIels A typlonl stressedeformtion curvs is plotted on Plate
Ilw3, together with pertisent data for & sinyls tosts

(g) Ladoratory Comwoticnee Latoratory coupsotion tests
uaing three AAfferent axwunts of coupsetion wore perforsed oo two
(2) semples of lmpervious materisl fvom which sll stones retained om =
the 1/ einoh gsieve ed been removeds The proocedurs of testing fer s
speoific smount of ovmpaction is the sawse as thet deseribed in the
pubtliention: "Sotes on Soil Testing for inglowering Purposes,” Y A.
Casagrande and Re Yo Fodum, Creduste Sehool of ‘ngineering, Darwrd
University, January 10L0s The three amounts of osmpeetion used in
these tests wore 10, 25, and L0 standard Blows of the tampers The .
results of the teats sre shown on Plate 13«5, Imeed upon experiemme with
sinilar materiale, it is bellieved that the saximum dry density thet emn
be obtained using the speeified oquipment will be 126 pounds per euble
foots This densily will prodably Ve most egovomically obtmined st a
water content of abwut 10 peroent dry woight, es obiained from Plate 1le5,

(h) Hiscellaneouse= Sinoe the embenivent and its foundstion
ontain no materials which would tend to cussolidate apprecisbly due to
& change mmnwmwﬁmwm*:wmw& to warying
moleture sonditioms, no consolldation or expacsion tests were perilomed,

(1) Sumeryes Average valuss, or rsuges of values, for the
soil clarsoteristios of sach d{fferest type of soil in the dlkw
sowdaniment ard 1ts foundstion, including the foundation of the slwet
pile geotions, are tabuleted in Jable iled, The values listed in this
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table vors ocbtained from the soll tasts dosoribed in this esvotion or,
whare no tests were parformed, they bave beon sesumed using, t& 8
pulde, the experionve and Judpment resulting fron testing similer wee
terinlse
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IIX. DB3IGR CF DIKE RMBANKMENTS AND POUNDATIONS

As  BASIS OF DESION.~ (a) Oensrale~ The design of the dike em~
banlment and its tMﬂm for both the Resemont snd lLakeview Seotions
invelved: (1) A geologisal analysis of foundation oonditicns; (2) A
study of the physioal characteristies of foundation materisls and svaile
able ssbaniment materisls; (3) An soonomic study to determine the most
sdvantageous use of stiuoture sxeavation snd borrow materials; sad (L)

An spalysis of the strustaral stability of the ewbankment designed using
the preceding compmments. The methods end extent of imvestigations o
determine the physiesl charveteristios of the foundation and swbanlowat
matorials have been deasoribed in tSection IX. There follows a deseription
of the results of those investigations which pertain to the design, s ds~
oussion of the choloe and econowmy of the esbanknmut seetions, and the
asalysis demonstrating that the seetion is stlisfactory for the fellowing
eriteris:

(1) The slopes and density of tiw embanlment and

ite foundation mst be meh that ne structural fallure, elither

by flow or shear dlids, sm ocour in the ambsulowent or its

foundation,

(2) Secpage mist be 8o comtrelled that no detrie
matal uplifh pressures or transportation of mberial san
onour,

(3) The design frechoard must mot be Jeopardised
by apprecisble smbmkmsnt settlement.
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B, OROLOGICAL FPRATURES AND CIARACTERISTICS OF FOUNDATION MATERIALS e
(a) Desoription of Si%e, » The dike site is located in the City of
Lowell, partly upon the north bank of the Merrimmek River and partly
upon the north benk of Beaver Brook, sxtending from Bridge strest to the
end of Beslmsan Street, as showm on Plate I-l. The dike i divided imto
o seotions, designated as Hossmont snd Lakeview. lsparating thess two
sesotions is an extensive deposit of ash and earth £ill, at m average
elovation of 80 feet sbove mean sea level.

(b) Bedvock.e Bedrosk was smcountered im enly oms drill
hole, D10, wnd no roek outercps wore dissovered adjseent to the dike
site. The bedroek s evidenoed by the single ¢rill hole core is quarts-
1% and schist intruded by diorite-gadbres B drook in gemeral is de-
lieved to be at depths less than 50 feet, slevation 20, over the entire
site. Plates Ill-l and III«2 sre geologioal profiles of the two ssctions,
Lakeview and Rosemont, showing she sctual and assumed bedrook profile.

{e) Overburdem.~ (1) There are two predominate types of
overburden at the sies (8) Farth and ash £111; and (b) Neturel soile
Plateslllel snd I11-2 are geologloal prefiles slowing the doundary bee
tewar. these two types together with subdivisions of eash.

(8)s The earth snd ash £ill msy be divided lato twe
oomponentss (1) The dumped £1ll, consisting prinsipally of ashes; and
(2) she apoil dike (constructed during chemnel improvement operstions in
1938), sonsisting prinaipally of sarth and rook.
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(2)s The naturel esil is divided geologisally
inte ttree types: (1) A deposit of glasial 111 overlying bedresk
M&m moowmtered ﬁt the western snds of both the Bossmants sad
Iakeview sections; (@) A deposit of clayey sile, M&y & lake
deposit, ensountered st the esstern ends of doth the Hosssont and
Lakeview seotians; snd (3) Deposits of find sands snd sand and gravel,
provabdly river or outwash deposits, sneountered over the remining
arens and overlying the adove two dapoaits,s The classifiestion of
the everdurden eoncountered in each drill hole mud test pit in the
foundstion is shown on shoets 3, L, sud 33 of the sntrect drewings.
Flates 1:1-3 and Ill«l show typioal grain sise gredations of the
Batursl solls encountered.

(2) From a study of the remilts of the Sests de
sorided in Ssctiom I, the geclogy of the deposits, snd all records
of explorstion, 1t 4s consluded that the wvaluwes of the physioesl
characteristios for the swveral materials, as tabulated in Table
IX«G, are the best represmtative sversges or raxges for design
purpoesss, Yo shear tests were made on the natursl foundation de-
‘posits. The assumed shearing strengths of mterials in these do-
posits are based upon experimwe with similar smaterials,

Ce  AVAILABILISY AND CPARACTERISTICS OF BOKROW MATERIALS.w
(») Rwmdom rill.~» (1) taterisl for the remdom f1ll partions of the
subanloment will be obbained prineipally from, (s) wsoavasion from the
faee of the existing wpoil diks for the sompasted Liupervious blsaket
sestion, «d from (b) the opermiion of leveling to grede the crest of
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the existing spoil dike, Should the exsavatsd usterisl prove insul»
fiolmnts, additional meserial for remdom £11) will be ocbiained Cfrem
areas to be seleoted by the contyacting afficer. Ash £ill or mixed
ash and eurth f111 are gonsidered unsuitable for rendom £111 %o be
placed on slopes. Ensess—suasvasion-of-Shis—Labionsmbsrial-wiii-be
washod,

(R) The phywical clmrasteristios of the rendom £il11
material will depend prineipally upon the varicus types of materials
whioh will be utilised in that portiom of the embmiment, sad to &
lesser Mgn- upon the density which Will remult from the spesified
sampastion. Depmding them upon thees teo fagtors, the plysisal
sharsoteristion of randam 11l xmay vary within wide limits. The
lisdits tadulated in Table II«0 are smsidered to be the best that 1%
£s possible to cbtainat the present time Based upon experisnce.

(b) Inpervicus Fille~ (1) The meterisl for the scapasted

isparvious £111 seoticn of the dike mbmisnt will be obtained from

the losation shown om Plabe II-1, The mabarial is & wellegraded silty
sand with varying sell ssounts of gravel. The rengs of the grain aise
gredation for the wterials sacountered in sxploration is shown on
Plate 11ie5,

(2) The borvow srea deposit is in gemeral of eansider-
able size and proboably extends 0 bedroek at wninown depths, 14 is bee
leved tlet the deposit cmtaine caly & minor quantity of atenes
md boulders greater than 5 inalies in sise. 4 definite ares for
borgow will be laid out and swveysd prior to comemesment of work
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(3) Based upon the twst results desoribed in Seefion
11 mad upon sxperiense with similar meborials, 1t is concluded that
the faperviocus musrial will possess the physisel charasteristics
sabulated in Table 1X«0 shem canpaeted in the meuner spesified. The
optisum molature aatent At whioh mximm density cande obtained
using the specifisd compantion effort is belisved to be within the
sadulated reage. Fowsver, during the initial stuges of compaetion
s sdjustzent of the water oomtent may be made to obiain the maxiwm
density.

(o) Huk-um Semd snd Gravel.- Benk-ran eaad and grevel
for drainage trensh backfill may be obbsined from any source whieh
yields olean, wallegraded material fulfilling the following gradation
speoifiostions:

Sowl Passing Pervent by ‘eight
£ Sieve 80 % 100
14" sieve 50 % 80

Ko. 50 Sieve S5t ®

It 1s bolioved timt bankerun material from elther of the two sand and
pmve) pits, wiose locations are showm on Plate II-1, will satiefy
these speeifications as evidenced by the grain sise gradation curves
;xm on Plate IXI«b. - |

(4) Seresned Gyavel.~ Scresned grevel for draimge trensh
baokf1ill may be cbtained frem any souse which ylolds eless, washed
moerial fulfilling the following gradation speeifieations:
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£ sleve g o 100
1" Sleve % 70
A" sieve 0t 10
De  DIKE DMBANKMENY SKCTIZNS.= (a) Selested Seetion.~ "rier

o the mibmittal of the Definite “rojest Resport dated November 190,

the general lonation and charscteristios of swvalilstle borrow naterials,
md the foundation sonditions at the site, had deen determined by field
wad laboratory investigations. As the design progressed to i%s fimal
stage, the sections shown on sheets 3, L, and 33 of the eontrest drawe
ings were doveloped., Ths chosen segtions ubilise ssonomlieal borrow
mberisls and the existing spoil dike sonstructed in 1938. The essem~
tial features of the exbankmmt are dssorided in the following paregraphs.

(v) Impervious Features.~ The dike esbankment W1l eontain
an imparvious riverside blanket 3 feet in thiokness sxbending froem
$he erest to the depth shown on sheets 3, L, and 33 of the sontrach
drawings, Along most of the dike sbankment in the Rossmomt ﬁuﬂm
md slong the entire dike exdeniment in the lakeview Sestion this fwe
pervious blmket pemetrates into nataral foundation depordits, Due ¢
the great depth of the artifieial £111 at the eastern emd of the Aose~
mont Sesticn 1t $e imprectical to extend the impervicus blanket o
the dopth of natural deposite,

(o) Dratnage Features,= At the lmdside tce toe of the dike em~
bankment, at the looations shown on sheets 3, L and 33 of the contrast
drawings, there will be sonstructed a drainags trench containing a tile
drein pipe snd back filled with scresued grevel and/or bank-run sand

- Y1l =



md gravel:. Tw-ingh drainsge wells e fiftee foot sembars sxtend-
ing to a depth of five (5) feet into the nost pervicus foundstion
strate ensounbersd in exploration emply inte the dreinags trenech along
sertain sections of tho embsnlment se shown on sheets L and 33 of the
contrect drawings. Thess wells ars provided for the purpose of drain-
ing the more pervious foundation strade to prevent the possiddlity of
foundation fol lure by piping. For mrposss of chserwation of the seep~
age pressures in the more perviocus foundation strats three additional
drainege wells in sash of the two seotions, Rossmont snd Lakeview, will
be installed as chservation wells.

(d) Slepe Protestion.- Slape proteotion will be provided
by the compaoted random A1) (and & six inoh lsyer of m topsodl) -
placed over the sompacted impervious blankeb.

E.  ECONOMY OF O 10Ne= The dike ewbanikemt will utilise
0 the fulledt extemt the existing spoil dike =nd all sultable saterials
sxsavated therefrome The impervious borrow ares shown on Plate 1=l
sottaing the nearest sultable deposit of impervious material. B nke-rum
mmwxm&mwmwwoam (from vurious comm
meveial oompanies) within s 3-1/2 mile radive. |

Fo BYATICAL ANALYSIS.e () Hethod.- (1) Pollowing the preesdemt
of the Swedish mm Committew's study on slope failures in
artifiofal cuts, the stability reslc egainst shear failurs of the dike
eubenkment and § t8 foundation was determined by imwessigating the forses
smding o osuss movement (driving foress) and mm‘mmm potemtial
resistance to movwesnt on seversl oirculwr sliding surfaces of weakness
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sslested by systenatic trial, This method investigates only the
possidility of & shear fallure., In the amlysls, the driving forces
inolude the rotating affect of the weight of the soil mass and weber
sbove the surface of failure ani slso the forees guerated by wter
pressure, The faress producing potential resistance eonsist of the
shearing strength generated along the sliding surfase. The ratie of
the potential resisting force to the driving foree is %ermed She sta-
blity retio. A suffisient nunber of potential plenes werw sanlysed
to deternine the position of the plane having the least stebllity retic.
The atability retio of the weakest plane is termed the least stability
ratio for the seotion anmalyssd, ;i least stabilivy ratio of wnity there-
fore, indlested equality of driving snd potentisl resisting forees snd
implies that the exbmiment is on the verge of fallure, while a leant
stability retio greater Shan unity indiestes that the structure possssses
() smmiysis wus made of the maximom sestion of the
dike embenkment teken at Station 20455, In the analysis, the embaniment
and $6s foundatian were sonsidered 0 be integral and sliding surfeses
were passed through foundation and m sections wi thout diseri-~
aigation. Only the seversst conditions Sending % produve o falluwre
from o sudden lowering of the water surfaes on the riverside of the dike
enbankoent were emsidered in the analysis. Thw lends j4, ope W8 not
shalysed since this alope S8 far lsss apt to fail the the riverside
slope. ) The soil charaoteristics used in the analysis were obtained from
the results of tests deseriied in Seotion II md tabulated in Tadle 113,

« 11748 =



(5) Bgeults.- The resclte of the invessigstions of thres (3)
potentisl fallure plsnes uough the riverside portion of the am -
banlownt and 1%s foundation wre shown on Flate IIl.7. The lesst stadility
mtio, omaldering the ssbanknmt and 1ts foundstion as » unis, M for
She sondition existing Lmmedietely afver s sudden drewdown (whieh, from
previous sxperiencs, is known $o produse the lsast stability mtlo) is
1.52: The method of analysis in detail is shown an Plate IIl-S,

6. SEEPAUR ANALYSIS.= (a) To study the sffect of steady seepage
through and bensath the dike sbsnlowmt snd benesth the shest pils sec
ticns and 60 deternine the maximum quentity of ssspage, graphieal flow
nets using selested maxisum cosffiolents of permsadility from test data
Sabulated in Table II«0 were preparsd. The flow mets, Plates 1II«9,
11110, I1X1-1) snd 11«12 were drawm for ssctions at four different
stations for the headwater and tall water oonditions shown on the in-
dividaal plates.

(b) The flow nets indloste that, darring wausual diseontinuities
in the foundation strata, the ssepage will be well coutrolled by the drain~
age tronoh and drainage wells with She possibility of piping redused to &
winimm,. Computations for the total seepage through bosh the Rosemcnt
and lLakeview Seotions are shomn on Plate IIl«l3., It is believed that the
total actunl seepages Shrough esch seotion for oconditions of steady seep~
age 8t saximm head may bo less than thet eowputed by a Dastor of 1/2,
sensidering that the actoal cosfrisiente of pernesdility my be less,
by the ssme facter, tham those used for somputing the todal sespage.
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Below in sabulated a range for tie predicted maxisam sespage, ane
walue being that somputed, the other, 50K of the wvalus computed,

Seetdon Predicted Range of Seepage under knxi-
- _ s Head in Cuble Fess per Winute
Tos et $ 1.5 to 0.7
Lakeview ' 3.8 %0 1.9

5.1 80 2.6

E. DRAINAGE WELL ANALYSIS,~ The drainage wells consist of
stmdard 8«-inoh diameter well-points installed on 15 foot omters s
shown on shoets 3, L and 33 of the contrest drawings. A rational de-
sign of the size and spacing of these drainaze wolls hh not been ab-
sespted, However, the compusations shows on Plate 1Il-ll, indicate Shat
the drainage wells as designed will dischargs all seepsge passing through
, the more porvious foundstion strata with & loss in head of only 0.05 feet.
Referring t0 the flow met, Plate IXII-10, this loss is insipnifiosnt oon~
pared with the loss in head between adjeoent potwmtial drops. Henoe, it
is oomeluded that these wells will provide tho «ffeotive drainage of
soapage illustimted by the flow net, Piate I11.10.

1o m.m ANALYS18 .= A filter avalysis was nade o determine
whethar or not the bank run sand and gruvel, used for backfill in the
drainage tramch agsinst mtural foundation sands, will aot as a uﬂn-
fastory filer to pemit the repid dlesdarge of seepage yot preclude the
possibility of ologging Shrough transportation of fines. The details of
the Filter saalysis are shown o Plate I1I-15, The mehtod used 46 that

doveloped by K. von Yorsaghi, dsseribed in the paper, "An Experimsntal
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Investigation of Protestive Filters® by 0. E. Bertram, published in
1540 by the Graduste School of Fngineering, Barvard University. The
ealysis shown on Plate III-15 indisates thas the bank rmn esnd and
gravel desorided in Paragreph IIl-C (o) is entively sstisfactory as s
filter,

Jo  MISCELLANEOUS ANALYSIS.= An amalywis of the settlement of the
dike evbmiment ummwas.mumumun exist whish
will ssse sn sppreciable sottlement, A0 amlysls ornmm
mmwmnm-mmmm 1% sa mzmmamtm
sand depoeite whieh ogsur in certuin arwas beneath the dike are suf-
fidiently demnse us evidmoed by tiw density values tabulated on Teble
11<C, and the imposed exbsnkment stressss sufficiently small to pre-
slude the possibility of fallure by flew slide.
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. IV. DRAINACE AREAS AND PUMPING CAPACITIES

Ae DRAINAOE AREA OHARACTERISTICB.~ (a) lakeview Seotion.-
The drainage area in Shis seoticn conaists of 8560 sores of urdan
1md of varying degrees of developmnt as follows (see Plate IVel)s

Ares ¥o. Ares (sores) Dagres of "‘“”M
A £50 Undeveloped, grass snd brush oover,
prineipally into 4rea 3, partly inte C.
B 125 Undeveloped, swupy meadow, Drains ko

Area T sewsr at wuthwest corner of Ares B,

¢ 115 Linited residmtial developmant, sewered.
] 190 Residential development, sewered.
3 o Undeveloped, no sewers.
) : W Ty settled, eewered,
Total 860  About 5B of total area is sewered,
The highest point of the drainage area is Elev. 860 U.8.L. at the
northera extremity of irea A. The watershed slopes gently o the
Wﬁmtﬁhﬂulﬂ“&nu&n‘&uhi in lengsh in &
north-south direction, There are 6 combined storm and sanitery
sownr cutfulls in the Lakeview seotion, as follows:
Computed Capaoity
ype of Sewsr Lopat Lon o Full (oefe8s
60" brick eirmular West sStreet . 180
L8" vrick oiroular Lakeview Avenue 90
16® east iron Fulton Serest L
39" x 26" brick oval  Broughton /iveaus 35
e Pront strest 3
18" Akron ofrele Front Street .-
- Vel - 3%



Although the sxisting sewer system may de extended oves the ares in
the future, it {s unlikely that the Srunk sewsr will be insreased in
sise. :

(b) Hosewmeut Section, « The dreinage area in this seetion
conaiats of 70 seres of residential development, all of which iz served
by sombined sboym and sanitery sewers (see Ares O on Plats IVel). There
is one main trunk sewer on Beaver S¢rees, sbﬁekm)?’xﬂs".m
L suall sewers from 12* %0 15" in diameter serving short streets and
ewptying into Sesver Brook. The somputed eapssity flowing full is
55 eefete

B. SEEPAOR.- The sespage flow through the dikes sad flood walls
will be mmll and, consequently, should not contridbubs appreciadble
@eatitien of flow %o the total run-off,

Co PUMPING CAPACITINS.~ (a) lakeview Sestiom.~ Thres L2-insh
Pimps ware agreed upon after s canfermoe ineluding o MWW
 agent, the ommulting enginewr for the punping steations, and menders
of the Lepartmemt, as best suited % handle the requisite eapesity of
the West Street paping station, In addition, primarily for pumping
during periods of lovw sewer flow, there will be provided one l6einsh
punp. The four pamps will huve s S0%al design o apseity of 3L0 ouf.s.
at maxisum pumping head and about 380 a.f.8 for river stage at or be-
1ummmbumr surface elevation of 5 in the pap map.
This exvesds the existing full sewer eapscity and is equivalent to a
peak dacharge of from 0 0 i 0ufene por acre for the entire 860
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sores tributary area. Diversion of sbout 250 sores san be wvede at the
upper ed of the area, M«WW»tmmm
the present sewer gapacities, or the pumping capsoify provided, much
diversion or ths equivalent oould be made. The remmining tributary ares
of 610 nores oould then eontridute between 5 and 6 o.fes. por sore
without overtaxing $ho puaping espaoity. Thus, the three L2-insh pusps
and the one l6-ineh pump are considered as providing sdequate pumping
gapasity for the Lakeview wea,

(b) Rosemmnt Section.~ In like mamner, the s slestion of two
fl-inch punps weas recommended %o provide for the pumping capasity of
the Beaver Street pumping station to take oars of the Rosemout Ares.
These will provide s wial design cepasity of fron 65 % 80 c.f.8.
{depmding on She heand), This will bs equivalent to a rus-off of adbout
1 0.f.8. por acre for the 70 sores of tritutary sréa,
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Ve NICHANICAL EQUIIBIET UUR PUNPING STATICN

Ae SILVCTION OF POWELew Investigation of avallable electrie
power &t the sites showed an imadequaoy of the requisite Mieolle
ttles, The installation of required new power lines snd eguipnent
inwilved eongiderable expense vhich, in visw of the infrequent
pericd of operatiocn, was not Justifiadles This feot, coupled with
the hirh stendby eharges, the expense of which the Clity of Lowell
preferred to avold if possible, indlosted the adoption of gamolinee
enpine drives for te pumps.

Be TST STREZY POMPLIC STATION.e (M) Pumpses As indlosted
in Feragraph IVel(n), three /Deinah propellor type puNps were Se=
leoted, fach of the pumps will deliver sot less than 15,000 gallons
per minute at o tobal dyvesio bead of 2, feot and not lees than
52,000 gellons per minute 8t & totel dymauic head of 16 feets The
seloctod dyuanie bead of R feet represents the mxisum stetie
paping bead plus o eenservative allowmnes for sll losses in heads
In sddition to the l@einch pumpn, one l6eineh mixedw{low type of

Py wes selsoted Maving 8 sapscity of 7,000 gepemte and 8,000 gepeste
for the respective heads wentioned aboves The lGeineh pump will
pmp low sewer flows during bigh river stages and will aot as sn
auxiliary wnit during use of the [Dwinoh punpe 47 reguireds

(b) Righveinsle Cenr Unitees The gear units will be of tw
selfwcontained type deslpned for transnitting the power fyom the
horisontal enzime et throuzh apirsl bevel pears to the verticsal
pump shaftse The units will have & cast iron snd strustural stoel
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hoveing snd vill hawe a service fastor of sod Lews Shun 1.35 Sines
the power yequired $0 drive She pwmpe wader any condttion of hesd
fren save to N foes,

(e) Sanching Jnsines.~ The gasodine engines will de of
he heavy-duby, Negyule, internal conbustion, stntionary Sype
sapalilse of gontinwusly driving the punps af thely yated speed
wier sy hoad eondition doveloped. Xadh sagine shall epernte
o) a governed speed nos exeneding 1200 p,p.n. whan driving the
yunp ot 1ts vated speed. AL this speed dhe Pating of the sngine
shall %o such $hat when drivisg the gear Wit snd pwsp ab the 16.
fost botal hent conditives, the horsspewer wequived shall not de
‘more than 8O perosnt of that which the engine s expat¥le of do-
Livering with ssnilinries stinched and with fuel as spectified os
o by sn actusl tesd ourwe, Alse when 4driviag the gesr Wit
snd pump o8 the Nafoot Setal head conditien, fhe horsepowsr shown
en the agtusl test cwrve shall mot be ewesedsds The emgines will
b nownted on oneYwis Ysses and dirvestly oennscted Shyowgh flexible
sowplings so the rtgat-annie goar wiss,

(4) gremsee A Tol/3-b0n overhast arene will Ve instelled
in the engine yoom as sn ald for servicting equipsent. The orane
vill B of standard sonstruotion and will de hendeoperntnd By chains
fron the engine yoom floor,

(o) Siuing Sakase~ A motorwopsratel susting pressurs sluice
@t ¥111 bs leouted sd She entyancs $o She pwap swep, Noveally,
© Shis gate ¥ill Be elosed, Delng opened smly at period vhen She puays
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are $0 Ve operniied, A wesond moborveperntsd sivice gate, 1ikevies
& ssebing presware gade, Wil b« located 15 the gravity discharge
omduts 10 provent badkflov fyom Msh river steges. Normally,
thie gate vi1l Be open 80 pemniS the gravity flew of the sewer
dtsoharges o the ¥iver,

(2) Yakar Sretgne~ The ofty water supply will Ve connected
0 the station S0 supply cooling water for the gusoline engines and
for station seyvies. The swmp pumy will have s comnection o thas,
iR $tsen of energenay, esuling water may bs swylied nvough 14,

(2) Oaseling Sysheg,~ Ganeline will be stored in a 3500
goileon tank Yurisd wiergrownd adjecent 30 She yamping station.
Sarvies S0 onth engine will W Shyough individwsl lines direst te
e mgines from the Senk, Brip pane will be provided en eash
wmyine comneeting S0 a onmen header refurning 4o the tenk. Oneoe
Line piping shall s oopper pipe owleids of the duilding md eop-
por tubing inside the alation, exeepd Shat vhers the tubing is e
Bedded 1% shall b placed in wrought frem sleswes,

imm-mmeo!thmmw
porioda of spereiition; & poloReoperated sump ponp of 50 gop.w. #1d
Yo provided,

(1) Yalves,~ Map wives villbe provided ot She and of
oath of the N-{nch élssharge 1ines $0 pravwad dackfiow, Oole
valves w11l alee Be faserted in the Alecharge 1ines, sines the
dncharge pips e omeldombly delow She naximus flood shage.
The 16-4uch pump w11l Do provided with & gate valve on the inlet
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1400 sad gade md cheek volves on the &iecharge line. |
shall b of She Swoupipe pravity type omststing sesenbially of
an ofl-buming ¥otler wit, & 500-gsllon fuel ofd sterage Sank,
el tx0 stonn-supplisd wuit heaters located in the engine reou,
The ol bumer will be of the rotary typs with alestrie ignittom.
The vmiiinting aysten shall aomsist ewsantially of
an alectric.driven fan leonted on the roof for veating She engine
Foon, an siy duck lesding fyvs the pwep swap Shrowgh the engine
yoom %6 & stettonewy vensilator on the rosf, and a Wower losnted
mmmmnmawmmmm‘»mmumm
pesp sunp and o discharge fush extending thyough the w1 of the
station for vending the pump sunp.

(x) Svitehboapd.~ The switchbousd Will Be n sl fesupporting,
safety, stesl enclossd, deni-front Sype switehbonzd with remowmMle
sover plates tn the frout md designed for setiing ageinst the wall,
The switohboard ehall provide olestrie power smtyel for fhe entive

Ry LIS (n) Bapge~ The Beaver
Birset Pumping SSatien Wil have two Bleinch verties) miwed-fiov
winte punps, eanh one delfvaring not less than 12,500 gollens per
sinwie ot & totsl dyvonio pwmplag hoad of 25 feed mnd ot Lows then
16,000 gallons pey winube at a Sotal hesd of 14 feet, The wo
walts in oonjwmotion w1l maboh the design capacity of the sewere
a% Whe maviwms desten hond of Z4 feet. Tw walte are provided in
evdey ¢ sllew Nexibiiity of opemiion for 1ov flows,
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(v) Rhk-angle Sunr Hpita.~ e gonr mite will be of
She sqlf-containnd Aype desigued for dremeniiting t¢he powar frem
he horisontal engine shaft Shyough epimsl bewel goars $o the
weritesl pup shafis. The wits will have & cast foon nd strectwsl
stenl housing and will hawe s service faotor of net less then 1.2%
aee the power required to d¥iwe the pumps wnder any osndittion of
Read from seve S0 34 foed. |

(o) Gagoline Masinst.~ ™he gaseline sagines will be of the
nenvpeduty, Weapule, tntermal combustion, shatiencry type espable of
sontinvously driviag the pamps at thelr mted spsed wder my Mol
sondition developsl. Yer mgine ruting vequivenmts see Paragraph
VaB{a), The engines w11l be sowsted on congvets bases snd &irectly
assmectad through flexidle sowplings 0 She righteangie gear units,

() Cxpng.~ The ewuns for the Deaver Stzeet Pumping Statten
will have & capesity of mot less than & tene, |

(e) Bintng Gakgs~ The Deaver Strect station will e equipped
with only one sluies m’m Pressurs grte at the endrenve
%o the gravity ddeshalye sondwis for the purpene of preventing baghe
flow during high viver stages vhan the Ppumps aps speveting. This
gate M1l have & hand-oparsted band snd,

(£ Yater Syatame~ The sity waber supply will be ccuneted
¢ the station %0 supply aoaling water for the gasclise sagines aad
for station savvice. The sy ponp w11l heve a sonnection w0 as %0
yrovide enerpensy oteling water 1f necessary. Vater will be seowrsd
fron & connsction to the owilet dincharwe,
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(n) Saspline fystam,~ Onsolins wil) be stored &a » 900«
gollom tonk buried wdergrowd aljnomt %0 $he pmping shatton,
Service %0 sash mgine W1l e Shrough ndividenl lines 4tresd
40 the sugines fyom She Sank. Drip vens will e provided on easd
sgise connesting $0 & oommen hender returning %0 the tank. OGasoe
1ine piping shall Do copper pipe outslde of She Duildisg mnd coprer
tuddng incide the shation, exoeph hed whaye the Suding &s eudedded
it @xall Yo plasved in youghd iron Qeswes.

(n) Bymp Pwmp.~ Yor purpesss of dyyiag the sanp sfter
periods of operation, a moter-operstad sump pwp of 0 gup.ne. Wil
b provided.

(1) Yolwate~ The Swo pamps w11l be provided with gate
wives 12 the inled Linse, dlosed in mommal pestition 0 prevent
water sntoring fwom tha fuled chanber; and gute welves mad chosk
wlves in the dischayge 1ine for purpoees of preventisg beskflow
sad posittve shuleoff for servicing the pamp vha the viwr slege
Lo above devation 95,0 H.%.0.
w1l sonsint sssmtially of sa ofl-busning hesding furmee of
the wermealy types With bulltein olestrie-driven Vioveny and
180-gilon wdergrownd fusl ofl shorage teak, \

The vestiliating systen W11 Genslied esaanbailly of
two sdjustadie Louvres sod In e shobion well and o vlalionnyy
vmtilator ou the yoof of the building.
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WMWMM!&W%‘&W
m;axmy of sonstwuabion, pleasing sppearencs snd Swradilisy,
BIORI8.w In 2o design of wnrisus stvastures the fole

deslgn of walle wore duterined by Sda Renkine fopauis. Por sstureted
solls an eguivalent 3iguid pressure of Ble.f pounis per squale fool per
foot of depth van asminod. Yor design of flasd wills & :t possive

pressare of I79 povnds por square foot par Fout of dephh vae essumeds
mmzmmmumwmwm

far Sese) Censtvuetion,

@wmmmmmmmwmm
avete”, Amerisan Soelsby of Civil Enginsers, June, 1540,
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sonnrets, resuived 4o hawe sn sversgs 2elay compressive streagth of
%%;M.wwimkMuzmmwwm.

mmmﬁmmm»&amma
sistoge 28eday ssmpressive stress of 2990 Lhs, per sgure inch and
Ao shown 1o e followdng Sadist

" shannters

NS

| ]
]
:‘ x&m
:

Ratto of modulus of slastisity of conswets to steel « 1/12 Tiw
deslian of the pumpiag stations wer exsouted My Veston snd Saspeom, Ootve
sulting Tngtaceve, |
sohedment buyond fuse of supports, laps of continuous stoel and sentimdsy
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of veinforaing in vigld fruees wes provideds The apasing of dare and
the pretestive soveriag of consrete was malnSalned squal 40 or greatesr
than She ninteus sllowabie o wpesified in Ssotfen VI of She sentowst
{e) Zopverutum
mxm»mwummwmmmmm
volume ohanges dus %o shriskage and tempuratore change s provided W
mmﬁ&ﬁ.mi&mwtm&ﬁ%

mmwmwxwmw»mmmm
snslosing She pllec feen o polnd approxtestely e
mmm:wm@rﬁmmmwmmma

hs loading ssndision for the Mool walls wos sssmsd %o W
vater 30 the tep of the wall on the river sids and ab creend surfuss on
the land elde.

Hepthe of penetration and bending savents wers devernisned fyon
Piltng ueed an Gantilevers in Rell”, pudiished by the Camegle-lllinsis
3tael Jomporation, MAtedurgh, Pa. The *Blapiitisd Load® sethold was
sined 12 spprocimboly 1.5 Vlaes the Claew holslt abowe the gyeund. M
the Lekeview Seetian, Dovever, the piling ves oarried spyrexisesily AT
footy §n pesersl, below the remired pemstration Gepth %o pensiyvele on
feparvions stynta snl fom » svapsge subenffs

1o sespating pessive pressure for mbmerced earth, o oeoffistent
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of 1.5 vas agplied %0 the theorsticnl vakus as tasd Snforestton fae
4iestes that sdditional resistance remulis Qus %o Yhe wntistusded
mmed §s not saweaeive and §s smpatidle with values in gewerel wee.

The relaforesnest 1n the wvall was preportionsd $o resiss
the fall menont b o palat Swe feot below She ground with hars bedng
out off syetesatisally st pelats viure the mousnt Pedustion pevnitisde
The retaforoing will be 4iveot-somnooted S0 &bs shwokpiling by "%
bare paseing threurh heles Wened in the pilisg 6 fnokes adeve the
woll bass.

Honolithe 13 of the Rosenont fleod wall w1l Do veinfereed
sonsrete santileover someliths without sheetpiling, with the velufereling
dosigned for She waadamm mousnt soourring.

(% Damiag Fistiong.~ The pamplag stations for Whis projent
mmmpwwmmmmmmwm
mmmmmwwmmm

(1) ¥apt Siyess Pamcias Sasiens~ (8 Destgns~ L)+ Bunge~
simngiure.- mmmm”mummxnwmm
e up the Alseet yeof lesds as well as wind Llends en the superstyesture,
vy for o T=L[/2eten evants Yhese soluans ave dssigned %o earry Ml live
snd dend lesd from Whe recfy dead Joad, Live load, and lapest frem the
erane) bending Swe S sesesirisally applied leeding, and YeNding due
wind 1oad on the badldiag, A ylseended osaitition was nesumed ot the Base.
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P/ MO0, vAVH & maximes allowadle stPess of 15,000 yowsdy pey
. “fi";“"f{‘ ‘

square foah for dent 1oed plns 1ive 1eod sl o nestann sllowedle
arens of 20,000 pevnds por sqgoare (neh for sondined dond, live, snd
visd Loadag 1/¥ Lintted not %o sxsesd 100,

the full 2ead losd (tneluding 50 pounds smew Load) piue a 1ive Jeed
of 30 pounde pey oguare food of voof swwfase. THs woof beons ave of
siructural steel ononsed in sonorete fiveprsefing, Reef leads ave eare
#ied throah tisse Beana %0 tho vall colwmese Thess Weuss, Seguider
with the wall solomes, fawe portal frawes whiak take up vind loade ad

1 S~ The mdstmugture is of
mmmmnmaam'mw-@xww. serving
the three L2eingh pumps; a dry well cenpadtsent bousing the L6«fush
panp) inlet chendew) dfvcharge ohanibovy grevity iulet snd dlschavge gooe
faltes mnd » Wller reon Jesated ou an Insummediste Tiowr Yotween $)e
the Jeading oonditfon ful)l wylift, remiting from mextman wiver stage,
weten of hortsontal welers and grosaeboams of Hiswabten 55.5 fn evder
o decreaas the thicdmess of the wnlls s well as ¢ diebrilmte my

wwo



Aifforanse 1n thrmet to Ahe transverse vallss Tor the walle o leading
oondition of wexinen lpdrostatia heod oenbiaed with ssbursted samih $o
boans and slads wore deloed wo sinply swmerted Yeame weing Lealing
smniitions sousishont with ssaisun applisd lsade.
mmunmmmmmmtm
& shvustoral stesl frasing 99%0% x 29%0° overalls T 12.8-000h thiek
Wik wallo, sugped with 2 sast sione ooping, sudend shove She reef sled
qovered with » eindor ssnsvele 7111 to dvain. Fxdunet satfiers foy
the zaseline sngine will Be plased on Ve voof. Thawe will W pllashers,
otk external and fateruel, serving aa fivepves? colwan sasneenents, fon
the stractural stesl Salumme. The englane yoon fleor will b sa Selagh
reinforesd comopele slade A handwoporstol tyaweling ermse of ToL/Z Sens
feing sapaeity will opevade the full leagih of the Wwilding sad wil)
Yo uesd for installieg and moving pense and seskinory, Asoess for We
srone holat to 4he pup voos vill Be bad Alewugh opsatage, normslly

e sapolisd by o stesm heaking sysben heriaz an sflobuming unit in the
boller room and twe walt beaters ia she ongise woun.

Gless Diesk pernls ore usod an Shely sppearanes Weads well
with the destun sod Desmor of the exosllense of 1ight thay affesd. Ade
Jestadle louvres §n the valls sné & sobereepsratod sxhaust vesSiloter

Bptpy S0 the Wilding is supplisd Wy tvo dooret  She wain

- Vieh =



®
snhvanns, T'e20% 3 10%.0%, senststing of Swo lesves of Dellew M)
sonstrusticn, leading divestly to Abs epemasisg floor and belng wufe
fiolemily Largs S0 provids elesrsnae for movemont of the wesheniosl
wwnmmnmmmwmmm
mmmmmwwmmmm

ey mmymmxmmmummm
wugmm,mmmmmmmmunumm
MﬁmmmaMIMm. B
Seuver Strest Pamptag Sedimi 1s of velafersed sonsrwte ssmsloring of
‘Wot ohawber; and $he gravity diesharge sedlt. |

The base slad of the wonp wes deignd o o Swoesny 9lab,
Fiver etage over the entive Base 1osn 120 welght of the alebe he ene
Sertor walls vere destoned as sinoly sapporied beass is whish 3/h of
the Load vas Aiebritubod ©0 he walls aoling ue vertioe) Deans ané 1%
$he load with She valle asting v Dorisemtal Beuns. The eriterien of
Tosking vas asssned sa maxtaun hydvestetie heat assbined vith sstursted
savil to Mavelion 75,0, sexisus river stags ot Shis leosbien, The
wist wall of thile siakion aete o8 su intagial pars of Ahe fleed walls
ALY taterior walls, Beams and slaks vese Abslsned ss slsply swyported
Doass using Leadfng sonditions consiatent with wextoun appiied lsads.
Stesdy boume will Be provided for the pums ohalSe. |

(X Asbifegture,~ "hs genovel srehitesture of She

» Yie] &



Strees Pumping HMation. It Le, of coures, & susiler stabion havisg
ovarell dimensions of 20" x 20740%, There vill e se snbermal
pllssters, the flywpssofing enoassmants i this insienes Weing on the
ing Gtatlon, exsepting Shat the reinforged sk will de 5 inches. T
sngine yoon floor will be an Selnsh yelaforced cousrets slab. The
swme will be of Bedon sapasitys Nest for the buildtug vill be segplied
W & wareealr type olleluruting furnsse Lacsted fn O 0pevaiing Yosms
on the poofs

e 6040% x 9%0%, eensleting of tvo lowwes of hellov steel seastruetion
londinge dtveetly to the oparating floay.

(o) Ssanelss Iuldsd.~ This strustare 1o deuimmed cssenttslly
as o ssatilever weotion, Yster prewsure assinet Shs stopelogs i APmnge
uitesd S0 the base Shrvach fwo reinforesd sonerets end plsrs ssd bws
inkersedinte yenovable strvotural stesl Acfyomes. Seoh steel Treme is
sceaseted by wn anehor and thrust sastiag to & £7illage Yeam exdedded in

The baae alad is desizoed a8 » sentinaous Seem spemning Debween
the #2i1lase Deseat 4he stmmeturnl wonders s cslwns sadjested So seme
biaed axiel loading wnd dandingg plovs s asntilover stess) and the sbep~
e river stde and 0 tie Sop of the o3uh on the Land slde,

» Vel »



(0 Stepups Shede~ The storage shod Le o (Rineuslled shrwse
Sure oayed to the flaod wall which formy sue of 2he walls of the Milde
f5ne The roof is desloned s o flwdesnded Denn with o lood assusption
of full desd load and U0 pounds 1ive lasd,  Tie floar siad is & wale
fomly supported slsd resting e the grwuni, As Seineh wall is preovided



, K It is expaeted that the floed valls,
salender days after the date of reosipt By the senteastor of notive o
Preceed vith sdvertisenent for hids sehefulod for lake in June, 9%,
Bas 3¢ the state oF mtional seergensy snxlobent and the resalisst 4elay
ia seouring saterials due S0 prioritiss, n definite pregrem of CONSUMIOw
sian 1s not propsssd. Sowewey, it ahall be Luvusbeat upen $he Gome
possible date 80 o8 40 sllow passage of sewase upsh conpletion of e
Snterassters by 10oel Sntereeds.

B PIFLD GOEYHGL FOR JONRSRUCTION GP BiEidee (a) Qlassifisstiss sf
 regivesents of the materisl for vorisus sestisnn of eobenhment have
Seen provievsly dsserived (Seottons 11 and 1X1). Detadled desoriptiens
sf the yegniremente ave given in Seotions ¥V and VI of the sonbenet apesie
avsiladle materinls fron osxsewntion and desisnated Dovruw aress %0
setablich the satisfactory chavnober and guantity of saterisl for ssae
straotisn. Control of the oharaoter of the mterials to %6 plesed
af the placing and welling of materisls 1s given in Section ¥ of dhe

» Tlela



of material simll neh be move than 10 1ashes, amooyt vhere reek is
allowed in the vanton sestien. The sontmmetor will be yequired te
maintain She preper asewst of selsture 4% the meterisl for sptiwes
i1l b remived ¢ bs rolled vith b somplete pasess of Whe trester

(o) Zsgha for Smpatiions- Swaplos of all subssiment matee
risls will be taken befows end after plosemnt ool oospastion, Besslts
of teats on these samples ¥111 be used S0 salke corvestions and aijuste

af the dlkes, ne shown sn Sheets 3, b and 353 of Yhe contvaot Srevings,
ts interoapt esepnge Mowing through the Stkw, Obserwstion wolls will
o installod to moke the vale of sevpase and generwl losstion of the

Be QUNCRETR SORETMUOTION.~ Rogiiressnte and instrustisas for the
aonoeul blen, santirsl end placling of consrste are slvan in Seedien VIIL
of She contyast spesificatiens. ALl aonerote will be Olass “A® o
dseimated 1n the spoeifismitons and will Bave an svereee sowpressive
shPengih of not less Shan 3500 pounis per sguave ineh in ascordasos with
s standard 28«duy Soels

The faetlities of the Oentral Oonerete Luborabory, UsSeksds,
#ont Palad, He¥u, will b6 utilised for labovatory coniyel. In 4w
1014, the seomssayy fasiitties snd inspostion foress will W malebedned

» ¥iiad =



%o inspest consrete opvations, muke field snil soseptanee Sests, ant
prepare sasples and spasinens for shipaet to the Gantya) Censrels

%mﬂﬁmautmmummuimmmm
velishle allsmwnts Ristd supervistion and Lnspsstion will be malvialned
wmmmwmmmmmmmm

vmge:tmmum meiwﬁtmm a8 diveoied in parapraphk lel)
of the enntrant speoifisctioss, will be spened s Zollowst (1) Yest
Styeet Pumping Statien « June 12, 1951, with 227 days fyom dete of
noties to procesd for completion of the csatvaot; (2) Beaver Strest
Pamping itation « Jume 16, 1941, vith 100 dayn frow dabe of nstise %o

» Vilel »
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The cost of floobwlls, dikes, puwping etations (locluding
pamping soulzeest), end appurtensnt atruciures Vo be senetreoted
se flecd pystention nt Tovell, Masonohusette, Dased om preliminery
duston,vas sadizated an Tollowst

Mwwtmm. o 0s 395,000
Pamping Seations (indtating sutpmset) | | o 295000

Totol (Snolnding sapineeving, esatisgencies
W) N M,@M

- TITlal »
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Impervious Borrow Material from T17p

Samnle oo Yater Content
Hoa Depth ~dnd
1 ('QQQ; 205' . 120)’"
1 (w.c. 2,5! . 11,7
2 ('000) hoO' 1”0"“
2 (Wocog l500' 1"".
3 ('oco 505. 1".
3 (wecs) 5eH! 13,4
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n3p 1 0-6,0¢
representative mixed samplo
6y 1 %,046.0

Specific

2,25
2,69 (two tests)
2,68
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Sand Y111
HMne Sand

1 1.60-2,1F Oe
2 2,9‘-.&-.19 0.9
oBlaTe0! | 0,726

Relative

A%y
TR
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Hole Sample
o) | 9,0!
m ZL 15.3'
m TA 18,41
m 9 24,0t
D2 54 13,5¢
D2 6 16.5!
D2 11 30.0:
D lg.
53 b b
D 3 Tolt!
D4 5 12,6
D5 3 7.5!
D5 7 18,0!
D5 11 27.5!
D6 54  17.0!
DY 6 17.5¢%
D8 54 29.5!
Dg 6 3540!
Dg 6 5e0!
Dg QA hg.51
D8 9 50.0!
D9 6

30.0*

Coefficient of
Permeaﬁn ity

12,2
32,6
6.0
2,07
180

152
10.3
19.

7285

0

2

19
e
0086 m
0.96 m
8.9
0,30
0.09 m
0003 mn

Note: (1) Unless otherwise noted, all tests were run on materials

placed dry and saturated under vacuum.

(2) Yotation, m, after & velue indicates a material placed

nolist and saturated under vacum.
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TABLE II-E

PERMEABILITY TESTS ON IMPERVIOUS MATERIALS

( Remolded Samples)
Coefficient of

Sample . Vold Permegbility
Hols No. No. Depth Ratio in 107" om/sec.
T7p 3 2.0-L.1 0.5 0.91
T7p 3 2,0-4.1 - 0.76 (placed dry, saturated
by capillarity)
T7p L L.1-6.0 - 0.59
T84 5 5.2-5,7 0.LL3 0.61
T8¢ 5 5.2=5.7 -- 0.22 (placed dry, saturated
by capillarity)
T84 6  5.7-7.0 -- 0.27
T16p 1 L.0-6.0 - 1.65m
T16p 2  L.0-6.0 - 2.20 m
T17p 2 2,0-3.0 - 2.6 m
T17p 2 2.0-3.0 - 0.06 m (not evacueted)
T17p 2 2,0-3.0 — 5.6
T17p E 3.0-&.5 0.488 - 0.82
T17p L.5-6.0 - 35
T18p 2 2,0-4.0 - 1.51
T18p 3 L.0-6.0 - 1.26
Mixed material from the following pits: Coef. of Permeebility in om/sec.
T7p 3 2.0-4.1 8.2 x 10-8 (placed moist and very
14.1-6,0 compact in consolidation
T8¢ 5  5.2=5.7 device, not evecuated)
6 5.7-7.0 10.0 x 10‘8 (placed moist and very
T17 2.0-3.0 compact in 2" tube, not
P a 3.0-2.5 One Semple evacua ted)
- T18p 2 2.0-h.0 3,0 x 10-6 (placed as above, but
3. L.0-6.0 evacuated to saturate)

(See note, Table II*D)
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(See note, table Ii-D)
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TABLE I-G
SOIL CHARACTERISTICS ~-- LOWELL DIKE
Natural Artificiel
Soil Foundation Foundation Embankment
Characteristics Materials Matarials Materisls
Fine [Silty and A'sh Existing|Compasted I Random Gravel |Sand and
Sand |Gravelly Fill Dike Impervioug| Fill Backfill| Gravel
Sand Backfill
Unit Dry Weight of )
Binder Material, #/CF ‘98 105 66 99 126 120 102 102
Void Ratio, e, of
Binder Material 0.72 0.60 1.40 0.70 0.33% 0.40 0.65 0.65
Meximum Void Ratio, epax. 1.20 - - 1.04 - - — -
Minimum Void Ratio, epin. 0.60 —_ — 0.59 — — — —
Degrée of Coﬁpaction, q 80 — 20 76 - —_ - -
Optimum Water Content,
% Dry Weight - - - - 10 8—10 - -
Coefficient of Permesbility ‘
k, 10-L om./sec. 10-30 20-200 L-4o 10-100 |0.001-0.1| 10~100 —_ 100
Angle of Internal Friotion,
g, degrees ' 32 36 39 33 32 32 36 3L
Cohesion, ¢ 0 0 0 0, 0 0 0 0
Specific Gravity, s 2.70 2.70 2.25 2.70 2.69 2.70 2.70 2.70
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LOWELL TOWNSHIP

MIDDLESEX COUNTY

DRAING TITLE 7 v TITLE e | o e TITLE fomeer
GENERAL LAKEVIEW SECTION w ROSEMONT SECTION
30 | Project Locstion ond Index [ WEST STREET PUMPING STATION (CONT) |FLooowALLS AND DIkES * -
80/2 | Hydrographs 2 152/13 | Sstee/ Reinforcement No. & 18 | 83/1 | Plon, Profile and Sections o 33
82/\4 | Stee/ Reinforcement No. 9 19 | 83/2 | Floodwall - Storege Shed i 34
82/18 | Stee/ Reinforcerment No. /0 20 | 83/3 Eearegft, Bulkhead -Masonry £ Renforcing as
52/16 Structural Stee! Freming 21 83/4 Beaver,5t, Bulkhead-Meta! Detarls 38
LAKEVIEW SECTION 82N | Miscellsncous Stee! No. / 22 ) -
FLOODWALLS AND DIKES 82/i18 | Miscelloneous Stee! No. 2 S T
S\ | Plen, Profile end Sections No/ 3 | 82/19 | Misceltancous Steel No. 3 24 BEAVER STREET PUMPING STATION
51/2 | Plan, Profile ond Sections No 2 4 | 82/20| Plumnbing snd Heating 28 | 84 | Genere/ Plan and Outlet Detarls 37
81/3 | Detor/ of Floodwsl/ 5 | 52/2\ | Gasolne end Fuel Oi Piping 26 | 84/2 | Architectural- Plans and Elevations as
82/22| frectric Power and Lighting No./ 21 | 84/3 | Architectursl- Sections and Detarls 39
82/23| [lectric Power and Lighting No.2 28 | 84/4 | Architecturs!-Miscellsneous Details 40
WEST STREET PUMPING STATION 52/24| Reinforcing Schedule No./ 29 | 54/5 | Steel/ Reinforcement No./ 4]
82/ | Genersal Plen end Diversion Conduit 6 182/28| Reinforcing Schedule No.? 30 | 54/8 | Stee/ Reinforcermnent No.2 42
$2/2 | Loyout Plarn ond Oullet Detoils 1 | 3%2/28) Geners/ Arrongerment of Equjprnent No. ! A | 54/1 | Stee/ Reinforcemert No.3 43
82/3 | Architecturs/ - Plens end Elevations 8 | 82/21| General Arrangement of Lquiprnent No 2 32 | 84/8 | Stee/ Reinforcement No.4 a4
82/4 | Architectursl - Elevations and Details L 54/9 | Sfee/ Reinforcement No.5 45
82/8 | Architecturs/ - Sectiorrs snd Details 10 B 34/10 | Stee/ Reinforcerment No.6 46
82/8 | Stee/ Reinforcermern’ No./ 1 8411 | Misce//lsrneous Stee! No./ 47
82/ | Steel/ Reinforcerment No. 2 12 8412 | Miscelloneous Stee/ No.2 48
52/8 | Stee/ Reinforcemeont No. 3 13 8413 | Plurnbing end Gssoline FPping 49
82/9 | Stee/ Reinforcement No.4 14 8414 | Llectric Power end Lighting 80
82/10 | Stee/ Rainforcement Na 5 8 54/18 Reinforcing Schedule s1 |
821 | Srce/ Reinforcernent No 6 18 84/8 | Gerers! Arrangerment of Egqujorment 82
822 | Sree/ Reinforcement No. 7 17
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tzontal dimensions arereduced by
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Note K -average coefficient
of permeability selected
from test data and equal to

VKmax * Kimin
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TEFFRTT

Q=quantity of Segpage perftof Dike
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F+ A8

Ngsno b gquipotential drops = 4.f
Nezneof flow channels = 3

t=time = {min

Q=22x 1 x 107 w8 x3xi
= 000I64cu ft.fin /ft of dike

—— - — ———
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— X
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ROSEMONT _SECTION.-

WAR DEPARTMENT
U §. ENGINEER OFFICE, BOSTON, MASS.

k Page..............,
sjee. LOWELL DIKE... .. e
Computation ... I QT AL.. QUANTITY. OF SEEPAGE....... .. .. ..]|
Computed byMaM.M. Checked by ... . W ........................................ Datev3"[2"4/

LAKEVIEW SECTION .-

Stationing L inft  Flow Net Q incu.ftper min.
0+00-8+83 945  Plate N

2
Sta. 5+/0
E+8I-36+r50 2705 Plate O 224
Sta. 20+65

———

Total= 226

Stationing L inft Flow Net Qin cuftper min.

O rO00-50+00 (1000 Plote — /5
4070 Sta. 48+/0
*+6/-/5+55 630 Plate P /7
7 Sta. /3+58
0+20-8+49 830 PRlate Q 42
o Sta. 5 +48

TJotal= 74

PLATE II-/3




WAR DEPARTMENT
U S. ENGINEER OFFICE, BASTON, MASS. ~ Page...e

Computed by.... M M M. . Checked by......... W Date....a. ..... /2 ...... 4/ .......
Sand and Gravel Trench with 7ile
- Orain-Pipe
- ‘ |
From Flow Net(Plate O):
Ze‘//-‘oom/- t._ 2" g Q=3%% x Kx'lo"x/%x NexL
-0 o.C .
= 1.968%/00x10™*x ’2 ~4 x/5
. - R = 1.2 cuft ,oer'.m:n. = discharge
- . into well. |
- - - -
> -
o
Fflow lines

Assume Standard 2-inch cast-iron pipe : —
(d.=2067" Area= rr?=337,A.%=0.0234 f+2

Velocity : -

/.2 .
U= 3 =ooz34 = 5/.3 f#.,oer min = 0.86 ff.per.sec.

Loss of heod due to friction and entrance:—

assurme enfrance loss equal fo 20% frictior loss:

_ 14 0.56*
/20%(fd29) 1.2 (c.04x ?;7::64.4
/

=0.045 f+, Joss of head in well
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